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and a 0.5cm action level. Images were fused with bony 
registries to obtain set up data in the S/I, A/P and L/R 
planes. Random (s) and systematic (S) errors were 
calculated. Margins required to account for set up error were 
calculated using the margin recipe of Van Herk et al, mptv = 
aS + bÖ(s2 + sp2) – bsp, with a=2.5, b=1.64, and penumbra 
width sp=0.6cm in lung tissue.  
Further analysis between genders and immobilisation was 
conducted where this information was available. 
Results:  
 
 
 
Conclusions: Once corrections have been applied to reduce 
systematic errors, margins used for SCLC patients treated as 
part of the CONVERT trial were found to be adequate to 
ensure good PTV coverage during treatment, indicating a 
potential for reduction. However, other sources of error 
would need to be accounted for including tumour motion and 
delineation error. Data for male versus female patients 
demonstrated minimal difference in set up errors between 
the genders. Figures for patients with 5 point immobilisation 
showed smaller A/P systematic error, although numbers were 
small for this group. Further work and continual audit is 
needed. 
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Purpose/Objective: Our purpose was to investigate the 
accuracy of a 4D-CBCT system to raise the accuracy of daily 
IGRT in patients undergoing lung SBRT, firstly validating the 
4D-CBCT phase binning algorithm, and secondly investigating 
the correlation between the data-based breathing signal (4D-
CT with external surrogates) and the image-based breathing 
signal (4D-CBCT with internal surrogates). 
Materials and Methods: We used the 6D Hexamotion 
platform from Scandidos, able to simulate the 4D movement 
of the phantom according to the respiratory cycle of a 
patient obtained from a 4DCT. This platform was modified in 
order to allow positioning and motion of an anthropomorphic 
phantom (CIRS Anthropomorphic Torso Phantom) (fig 1.a). 
We created two different respiratory patterns to the 
phantom in order to simulate an actual patient lung motion, 
both of them with 2 cm extension in the anterior-posterior 
and superior-inferior direction. The first pattern used a 
longer inhale phase (with a peak at the series 30%), while the 
second pattern used equal inhale and exhale phases (with the 
peak at the series 50%). We performed a 4D-CT scan to the 
moving phantom for both motion patterns; measuring the 
external abdominal movement as a surrogate for the internal 
movement, ten series of images were obtained for each 
respiratory cycle phase. Each image series was imported in a 
Treatment Planning System in order to simulate an actual 
patient treatment workflow, generating body contours and 
adding a plan. The moving phantom then underwent a 4D-
CBCT for each motion pattern. The phase binning of the CBCT 
was made through the automatic recognition of the 
diaphragm in the patient/phantom. All different ten 4D-CBCT 
series were registered with the reference CT (the planning 
CT), resulting in a detailed summary of phantom's shifts for 
each phase. The CBCT system allowed the reconstruction and 
export of a Mid-Ventilation CBCT (MidCT); by mean of rigid 
registration we identified the CT series more similar to the 
MidCT. 
Results:  
Fig 1.b shows the displacement of the phantom position in 
each respiratory phase respect to different reference CT 
images (one axis for one respiratory pattern). We found a 
correlation between a particular CT image series and the 
MidCT: for the first pattern we found that the MidCT was 
more similar to the 30% image series, and to the 50% for the 
second pattern 
 
 
Conclusions: The 4D-CBCT system was able to recognize the 
ten respiratory phases without any dependency from a 
specific respiratory pattern (fig 1.b). The maximum inhale 
phase in the 4D-CT (that depends from respiratory motion 
pattern) seems to correspond in a better way to the MidCT 
image series. Further investigations are needed to 
consolidate the statement regarding the correlation between 
respiratory pattern and MidCT. 
   
 
 
